Eicosapentaenoic and docosahexaenoic acids were distributed mainly in the sn-1 and 3 positions of seal oil triacylglycerols and in the sn-2 position of fish oil triacylglyc erols. Seal oil-rich or fish oil-rich fats having constant polyunsaturated (PUFAs)/monoun saturated/saturated fatty acids and n-6/n-3 PUFAs ratios were fed to hamsters for 3 weeks. The control fat contained linoleic acid as the sole PUFA. The concentration of triacylglyc erols in the liver was significantly lower in the fish oil group than in the control group. Phospholipid concentration in serum was lower and that in the liver was higher in the seal oil group compared with the fish oil group. The activities of fatty acid synthase (FAS), glu cose-6-phosphate dehydrogenase (G6PDH), and the malic enzyme were significantly lower in both the fish and seal oil groups than in the control group. Dietary seal oil more effec tively reduced arachidonic acid content in liver phosphatidylcholine and phos phatidylethanolamine and serum phosphatidylcholine than fish oil. These results showed that different intramolecular distribution of n-3 PUFAs influenced glycerolipid metabolism and arachidonic acid content in serum and liver phospholipids of hamsters. Key Words eicosapentaenoic acid, docosahexaenoic acid, fatty acid synthesis, seal oil, hamster It has been well established that eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) have beneficial physiological effects in humans and animals (1-3). Seal oil contains EPA and DHA mainly at the sn-1 and 3 po sitions of the triacylglycerols. We previously reported in rats that plasma and liver triacylglycerol concentrations were more effectively reduced by dietary seal oil than by fish oil in which EPA and DHA are mainly distributed at the sn-2 position of the triacylglycerols. The predomi nant effect of seal oil was ascribed to the suppression of fatty acid synthesis in the liver (4). Seal oil also more ef fectively lowered arachidonic acid content in phospho lipids of various tissues in rats (4, 5). These results sug gest that structural difference of EPA and DHA in tria cylglycerols may differently affect lipoprotein and lipid metabolism in rats. It has been known that rats are a poor animal model for human lipoprotein metabolism. They lack cholesterol ester transfer protein (CETP), and therefore they transport most plasma cholesterol in high density lipoprotein. In contrast to rats, hamsters transport plasma cholesterol mainly in the low density lipoprotein fraction, because they have CETP in plasma. However, there are only a few studies on the effect of marine oils on lipid metabolism in hamsters (6-9). In the present study, we examined the effect of seal and fish oils on lipid metabolism in hamsters.
It has been well established that eicosapentaenoic (EPA) and docosahexaenoic acids (DHA) have beneficial physiological effects in humans and animals (1-3). Seal oil contains EPA and DHA mainly at the sn-1 and 3 po sitions of the triacylglycerols. We previously reported in rats that plasma and liver triacylglycerol concentrations were more effectively reduced by dietary seal oil than by fish oil in which EPA and DHA are mainly distributed at the sn-2 position of the triacylglycerols. The predomi nant effect of seal oil was ascribed to the suppression of fatty acid synthesis in the liver (4). Seal oil also more ef fectively lowered arachidonic acid content in phospho lipids of various tissues in rats (4, 5). These results sug gest that structural difference of EPA and DHA in tria cylglycerols may differently affect lipoprotein and lipid metabolism in rats. It has been known that rats are a poor animal model for human lipoprotein metabolism. They lack cholesterol ester transfer protein (CETP), and therefore they transport most plasma cholesterol in high density lipoprotein. In contrast to rats, hamsters transport plasma cholesterol mainly in the low density lipoprotein fraction, because they have CETP in plasma. However, there are only a few studies on the effect of marine oils on lipid metabolism in hamsters (6-9). In the present study, we examined the effect of seal and fish oils on lipid metabolism in hamsters. and fish oils were analyzed by a Grignard degradation method, as described previously (12-14). Liver lipids were extracted by the method of Folch et al. (15) . Cholesterol (16) , triacylglycerols (17) , and phospholipids (18) , in the liver were analyzed by chemi cal methods. Serum cholesterol, triacylglycerols, and phospholipids were measured using a cholesterol C-test Wako, triacylglycerol G-test Wako, and phospholipid B test Wako (Wako Pure Chemical Industries, Osaka, cated at the sn-1 and 3 positions; in contrast, 16:1 and 18:1 n-9 were at the sn-2 position (Table 1) . Fish oil triacylglycerols predominantly contained DHA and 2 2: 5 n-3 at the sn-2 position and 16:1, 18:1 n-9, and 18:1n-7 at the sn-1 and 3 positions. Growth, food intake, and liver weight Growth, food intake and liver weight are shown in Table 3 . Body weight gain and food intake were signifi cantly lower in the fish oil group than that in the con trol group. Relative liver weight was significantly higher in the fish oil group than in the control and seal oil groups.
Serum and liver lipid concentrations
The concentrations of serum and liver lipids are shown in Table 3 . There were no significant differences in the serum triacylglycerol and total cholesterol con centrations in the three groups. Liver triacylglycerol concentration in the fish oil group was significantly lower than in the control group. Liver cholesterol con centration was significantly higher in the fish oil group compared with the other two groups. Serum phospho lipids concentration was significantly lower in the seal oil group compared with the control and fish oil groups. The liver phospholipid concentration was significantly higher in the fish oil and seal oil groups compared with the control group, and it was higher in the seal oil group than in the fish oil group. Enzyme activities Enzyme activities in the liver and adipose tissue are shown in Table 4 . The activities of FAS, G 6PDH and the malic enzyme in the liver were significantly lower in the fish oil and seal oil groups than in the control group. There were no significant difference in Mgt-dependent and independent PAP activities in hepatic microsomes and cytosol among the three groups (data not shown). Hepatic peroxisomal $-oxidation was significantly lower in the fish and seal oil groups than in the control group. The activity of hepatic mitochondrial CPT tended to be lower in the marine oil groups. The activities of LPL in adipose tissue and HTGL in the fish and seal oil groups were lower compared with the control group. Fatty acid composition in serum and liver Fatty acid compositions in serum and liver phospho lipids are shown in Tables 5-7 . Percentage of 20:4n-6 in serum and liver phospholipids were significantly lower in the marine oil groups with seal oil being more effective than fish oil. In contrast, the percentage of total n-3 PUFAs was higher in the seal oil group than in the fish oil group.
DISCUSSION
Although the content of n-3 PUFAs in dietary fats was the same for the seal and fish oil groups, we previ ously observed that dietary seal oil more effectively re duced plasma and liver triacylglycerol concentrations than fish oil in rats (4, 5). We showed that these reduc tions were caused by differential influences on fatty acid synthesis in the liver (4). In this study we used hamsters as an experimental animal, since hamsters are thought to be one of the best animal models for lipoprotein me tabolism in humans (6).
In contrast to the results in rats, there was no differ ence in serum triacylglycerol concentration among the three groups and hepatic triacylglycerol concentration was not significantly reduced by the feeding of seal oil. There were no differences between dietary fish and seal oils in the activities of enzymes that were measured in this study. Therefore, it is concluded that structural dif ference of EPA and DHA in triacylglycerols does not in fiuence their enzyme activities in hamsters.
It is thought that EPA and DHA contained in marine structure influences phospholipid metabolism. Further investigation is necessary on this point. We previously reported that the feeding of seal oil, compared with fish oil, increased n-3 PUFAs and de creased arachidonic acid in serum and liver phospho lipids in rats (5). In the present study, a similar tendency was observed. Percentage of arachidonic acid in serum phospholipids was more effectively reduced by the feed ing of seal oil compared with fish oil. Although fatty acid composition in platelet phospholipids was not measured, we previously observed that percentage of arachidonic acid in platelet phospholipids was de creased by the feedings of EPA and DHA in a similar manner as in the case of serum and liver phospholipids in rats (32) . The reduction of arachidonic acid in platelet phospholipids positively correlated to the pro duction of platelet thromboxane A2 (33) . Therefore, there is a possibility that seal oil more effectively sup presses platelet aggregation in hamsters.
Our results showed that the difference in positional distribution of n-3 PUFAs in triacylglycerols influences lipid concentration in serum and the liver of hamsters. However, the effect in hamsters was not necessarily consistent with the results in rats (4, 5). The reduction of arachidonic acid in tissue phospholipids by feeding of seal oil compared with fish oil was consistently observed both in hamsters and rats. Elucidation of mechanisms of these metabolic influence by structural difference of EPA and DHA is necessary for utilization of marine re sources. 
